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ABSTRACT 
This study focuses on determining polymorphism of chloroplast DNA sequence in Cryptocoryne 
species. The emergence of new hybrid of C. purpurea in Sarawak and Borneo creates attention among 
scientists to determine possible mother plants for the species. Determination of possible mother plants 
for the hybrid through molecular work provides useful information for taxonomy study. One new 
hybrid of C. purpurea and three possible mother plants of the hybrid; C. cordata var. zonata, C. 
ferruginea and C. pallidinervia have been used. Polymorphism in chloroplast DNA in these 
Cryptocoryne species is determined through PCR amplification of rbcL gene sequence coded rubisco 
synthesis using primers rbcL-1 (5’-TGTCACCAAAAACAGAGACT-3’) and rbcL-2 (5’-
TTCCATACTTCACAAGCAGC-3’), and restriction fragment digestion using several restriction 
endonucleases. Polymorphisms of certain restriction sites were obtained. 
Keywords: Cryptocoryne spp., cpDNA, rbcL, polymorphism, restriction fragment digestion 
 
ABSTRAK 
Kajian ini memfokuskan penelitian terhadap polimorfisme jujukan DNA kloroplas di dalam spesis 
Cryptocoryne. Penemuan spesis hybrid baru C. purpurea di Sarawak menarik perhatian penyelidik-
penyelidik untuk menentusahkan tumbuhan-tumbuhan ibu yang berkemungkinan bagi spesis tersebut. 
Penentuan tumbuhan-tumbuhan ibu yang berkemungkinan bagi hibrid tersebut melalui kerja 
molekular membekalkan maklumat berguna bagi tujuan kajian taksonomi. Satu hibrid baru C. 
purpurea dan tiga tumbuhan-tumbuhan ibu yang berkemungkinan; C. cordata var. zonata, C. 
ferruginea dan C. pallidinervia telah digunakan dalam kajian ini. Polimorfisme di dalam DNA 
kloroplas spesis-spesis Cryptocoryne ini ditentukan melalui penggandaan tindak balas rantaian 
polimer (PCR) bagi jujukan gen yang mengkod sintesis protein rubisco menggunakan primer  rbcL-1 
(5’-TGTCACCAAAAACAGAGACT-3’) dan rbcL-2 (5’-TTCCATACTTCACAAGCAGC-3’), dan melalui 
penghadaman fragmen terhad menggunakan enzim endonukleas terhad. Hasil menunjukkan terdapat 
polimorfisme bagi beberapa kawasan terhad. 





Cryptocoryne is a plant genus classified under family of Araceae. The plant originated and 
evolved from Indian subcontinent, before particular species becomes endemic to particular 
part of the world due to geographical changes during the Quarternary time (Reumer, 1984). 
According to Simon et al. (2008), Cryptocoryne, which also known as tropical bog, has been 
called by the locals in Malaysia and Indonesia with various names; kiambang batu (Sarawak 
Malay), kelatai (Sarawak Iban), keladi laut, hati-hati paya (Peninsula Malaysia), bakong 
(Samarahan Malay), Teron Amun (Melanau) and teropong ajer (Banjarmasin, Kalimantan). 
Cryptocoryne genus consists of about 50 species, with at least 14 species found in Sarawak at 
present (Ipor et al., 2005), and seems to have more species to be added in the genus, due to 
hybridization among the species in nature. 
Cryptocoryne has already been mentioned as an endangered species and will be extinct 
if no conservation efforts for the species done (Mansor & Masnadi, 1994; Ipor et al., 2006; 
Simon et al., 2008). The extinction of Cryptocoryne species may be caused by mother nature, 
in which the plant itself is endemic and sensitive to slight changes of its surroundings (Ipor et 
al., 2006); and by human activities such as deforestation, logging, habitat destruction for 
development and also by commercialization as an aquarium plant (Mansor & Masnadi, 1994). 
Some efforts on conserving the species such study on in vitro propagation of the species (Kane 
et al., 1999) and study on details of the species habitats (Ipor et al., 2006; Mansor & Masnadi, 
1993; Simon et al., 2008) have been done. 
Intra-breeding and hybridization among species is possible due to colonization of two 
to three species of Cryptocoryne in a particular habitat. In addition, close similarities in 
morphology such as its vegetative characteristics (Kane et al., 1999) arouse problems for the 
identification of this genus. Thus, other methods for molecular study of this genus, such as 
using base number of nuclear DNA (cytotaxonomy) (Reumer, 1984) and chemical marker 
(chemotaxonomy) in the cell (Franke et al., 2006) have been applied for precise classification. 
 
1.2 Problem Statement 
C. purpurea was believed to be found in Peninsular Malaysia only (endemic). The plant, 
specifically named C. x purpurea nothovar. purpurea, has been found in Tasik Bera, Pahang 
and has been investigated by Furtado and Mori in 1983, and also in certain locations in Johore 
by various researchers (Jacobsen, 2009). However, in 2002, Jacobsen reported to have found a 
new natural hybrid C. x purpurea Ridley nothovar. borneonsis in Sampit, South Kalimantan. 
The plant is believed to be a result of hybridization between C. purpurea and C. cordata var. 
zonata. Recently, Ipor et al. reported in 2009 the finding of C. purpurea in Bau, Sarawak, 
which was suspected to be a natural hybrid between local species. The new hybrid revealed as 






This study aims on investigating and finding information about the possible mother plants and 
origins of a new variety of C. purpurea identified, which was expected to be a hybrid among 
C. cordata var. zonata, C. ferruginea and C. pallidinervia, by comparing its chloroplast DNA 














2.0 LITERATURE REVIEW 
2.1 Cryptocoryne 
Araceae consists of about 106 genera, being divided into nine sub-families, with more than 
3000 species (Keating, 2003). Cryptocoryne is one of the genera under Aracea family. 
Cryptocoryne is believed to have originated and evolved from Indian subcontinent, and 
becomes endemic to particular part of the world due to the geographical changes during 
Quarternary time (Reumer, 1984). According to Reumer (1984), during Quarternary, 
Peninsular Malaysia and Borneo Islands is said to be attached to the mainland with one name, 
the Sundaland, which is seems to be the reason why Cryptocoryne species evolved from its 
place of origin, and also the reason why they have morphological similarities and close 
cytological relationship with Cryptocoryne species in the mainland. Cryptocoryne has been 
said to be easily hybridize among each other in nature with the recent findings of new species 
(Rataj, 1974; Reumer, 1984; Jacobsen, 2002, in Ariff, 2007; Ipor et al., 2005, 2009). The 
findings of new species or hybrids reported are based on morphological characteristics only, 
and needs further molecular study. 
Classification of Cryptocoryne species are based primarily on its relative lengths of the 
tubes and limb. This may follow by determination of the limb shapes on either being twisted 
or not. Further characterization of the species used leaf shapes as a guide. The leaf shapes of 
Cryptocoryne species are either cuneate or cordate. The presence or absence of spathe on the 
plant may be considered as one of the primary distinguishing characters for the species. Other 
determinations should be on the differences of the spadix, formations of color on the limb and 
collar zone of the plant, petiols, and few more other characteristics (Petch, 1928).  
The new species of C. purpurea has cordate leaves, greenish with purple marking 
below the leaves, a long tube spathe, a limb with a rough reddish surface, and a broad 
yellowish collar zone. The C. cordata var. zonata has cordate to ovate leaves, olive greenish 
with purplish above and below the leaves, and a purplish limb, and a narrow and distinct collar 
(Jacobsen, 2002, in Ariff, 2007). The C. ferruginea is characterized by bladed leaves with 
hairs on the lower surface, inflated kettle, caudate rough surface limb and black purple collar 
(Ipor et al., 2006, 2009), while the C. pallidinervia can be identified by cordate and bullate 
shaped leafs, the spathe has long tube, reddish limb, yellowish with small red spots on the 
collar zone and black purplish kettle (Ipor et al., 2007). 
The plant generally thrives on river bank and swampy areas, and in Borneo, this 
endemic plant specifically thrives at three areas; in the inner tidal zone, slow to fast running 
rivers and on the banks of small rivers and streams, by adapting amphibious, aquatic and 
rheophytic mode of life, respectively (Simon et al., 2008). In addition, the species in Borneo 
generally thrive in a deep shed habitat (Jacobsen, 1982). 
Species in the genus Cryptocoryneae has been used commercially as aquarium plant 
due to its interesting morphological characteristics (Mansor & Masnadi, 1994). As the species 
reacted to slight changes of its environment, Simon et al. (2008) proposing that Cryptocoryne 
can be used as an indicator on measuring pollution level of particular river, if only 
Cryptocoryne can be found thrived in there. Various reports on the missing of the species in 
their recorded habitat attract attention among scientists. Researches and studies for 
conservation of the species have been done for certain species, and these efforts should be 
continued on all species in the near future (Mansor & Masnadi, 1994; Ipor et al., 2006; Simon 
et al., 2008).  
 In term of reproduction, Cryptocoryne use both sexual and asexual reproduction 
systems. As most of the plant species thrives and immersed in slow to fast running rivers, 
colonization of particular species in particular habitat used asexual reproduction, which is 
vegetative propagation, to grow and increase the population. Sexual reproduction happens for 
emerged plants only, which mean, in order to reproduce by pollination, the species must 
immerse out of the water (Jacobsen et al., 2009). The pollination is aided by insects and flies. 
Inflorescence in the species happens only once a year in the month of February or December 
(Buuren, n.d., in Petch, 1928). 
 Hybridization in Cryptocoryne species happens when there is cross-pollination 
between different species. The cross-pollination might result in production a new sterile 
hybrid. The hybrid sterility, or infertility, is the condition of inability of an organism to 
produce offspring caused by mixing of different number (n) of somatic choromosome. 
According to Mansor (2007), the new variety of C. purpurea (C. x purpurea nothovar. 
borneonsis) seemed to produce defective pollen, which is believed to be caused by natural 
hybridization. Jacobsen (1982) stated that C. x purpurea nothovar. borneonsis has somatic 
chromosome number 2n = 51, an odd number that implies the infertility. He also mentioned 
that both C. pallidinervia and C. ferruginea has 2n = 34, while C. cordata var. zonata has 2n = 
68. Therefore, as can be concluded from the somatic chromosome number and morphological 
characteristics, there is possibility that C. purpurea might be a result of natural hybridization 
between C. cordata var. zonata with either C. pallidinervia or C. ferruginea. 
 
 
2.2 Chloroplast DNA 
Chloroplast is an organelle found in green plants and photosynthetic protists. Chloroplast is 
believed to be originated from endosymbiotic cyanobacteria. It roles in photosynthetic 
reactions to provide organic food in the organism that contain them. Chloroplast contains its 
own DNA genomes (cpDNA) to synthesis protein for the purpose of photosynthesis and 
others. One of the important proteins synthesized by chloroplast is ribulose biphosphate 
carboxylase/oxygenase (rubisco). 
Rubisco is a kind of enzyme that is used in the fixation of carbon dioxide in 
photosynthetic process. Rubisco is coded by rbcL gene in chloroplast genome (Russell, 2006). 
Since chloroplast is inherited through maternal line, in which the female cytoplasm is passed 
exclusively to the offspring, it has been used by various researches to determine plant 
phylogenies (Gielly & Taberlet, 1994; Soltis et al., 1996; Katayama &Uematsu, 2003, Duan et 
al., 2007). Therefore, the gene coded for the rubisco, the rbcL, can be used in determining 
possible parental plant in this study. 
Phylogenetic study using cpDNA has not been done in Cryptocoryne genus. Although 
cytotaxonomy has been done (Reumer, 1984), molecular study using cpDNA is thought to be 
more accurate as the plastid is inherited exactly from maternal line. Since mutations in 
chloroplast are lower in frequency, the genes inherited to the daughter cells are highly 
conserved, which is a good reason to be used in molecular study (Heinz, 2007).  
 
 
2.3 Polymerase Chain Reaction 
Polymerase chain reaction (PCR) is an amplification reaction to produce large copies of 
specific DNA segments. Founded by Kary Mullis in 1982, PCR has revolutionized molecular 
biology ever since. The PCR can be applied in various branches of molecular biology studies 
such as DNA mapping, forensics, diseases diagnostic and phylogenetics. As implied from the 
name, PCR uses enzyme DNA polymerase to repetitively amplify particular DNA fragments 
(Russell, 2006). 
This reaction consists of denaturation stage, in which double stranded DNA fragment 
or DNA template is cut opened into single-stranded DNA by heat, followed by annealing 
stage, in which primer anneals to specific site on the single-stranded DNA, and ended with 
extension stage, in which DNA polymerase extending the single-stranded DNA with 
deoxyribonucleotides (dNTPs) and ‘glues’ them into double-stranded form (Russell, 2006). 
 
2.4 Restriction Fragment Length Polymorphisms 
DNA polymorphism defined as “one of two or more alternative forms (alleles) of a 
chromosomal locus that either differ in nucleotide sequence or have variable numbers of 
tandemly repeated nucleotide units” (Russell, 2006). There are three types of polymorphisms; 
single nucleotide polymorphisms (SNPs), short tandem repeats (STRs) and variable number of 
tandem repeats (VNTRs). SNPs occur as a result of point mutation caused by replication error. 
The mutation might and might not affect the phenotype of an organism depending on whether 
the SNPs occur at coding region or non-coding region. Slight changes on the sequence of 
DNA due to point mutation lead to variation in restriction sites patterns. These result in 
different lengths of restriction enzyme-generated fragments, or simply restriction fragment 
length polymorphisms (RFLPs) (Russell, 2006). RFLPs can be detected by digestion using 
restriction endonucleases such as BamHI and EcoRI. These restriction enzymes are found 
naturally in bacterium as a defense mechanism against viruses. In term of RFLPs, the 
restriction endonucleases cut DNA fragments at specific sites, and the polymorphisms and 



















3.0 MATERIALS AND METHODS 
3.1 Plant Materials 
Four Cryptocryne species were used in this study; C. cordata var. zonata, C. ferruginea, C. 
pallidinervia and new variety of C. purpurea. Sampling and study area for C. cordata var. 
zonata, C. ferruginea, C. pallidinervia, C. purpurea were done at Sungai Stunggang in Lundu, 
Simpang Serikin in Bau, Kampung Sungai Keranji in Lundu and Kampung Stungkor in Bau, 
Sarawak, respectively. 
 
3.2 Sample Preparation 
Each species was prepared to have different 20 individuals, for every individual, two samples 
were prepared. Leaves from all four species were cut. Each leaves were washed under distilled 
water flow. Each leaves then was cleaned with 76% ethanol. Next, the leaves were once again 
washed under distilled water flow and continued surface sterilized again with 76% ethanol. All 





3.3 DNA Extraction 
Total DNA was extracted from the leaves using modified CTAB method (Doyle & Doyle, 
1987). In this CTAB method, the cell wall of two grams of young leaves was broken down by 
grinding in liquid nitrogen using mortar and pestle. Approximately 2µl of β-mercaptoethanol 
was added into 1ml of preheated CTAB buffer (65
o
C). The powdered cell was mixed with the 
preheated CTAB, for one to two hours with mixing every 15 minutes. Approximately 400µl 
CIA (24:1) was added to the mixture before being centrifuged at 13000 rpm for 5 minutes. 
About 400-500µl of the upper aqueous layer was transferred into new 1.5 ml eppendorf tube 
and same volume (400-500µl) of cold isopropanol (-20
o
C) was added into the mixture and 
stored overnight. The DNA was then recovered by centrifugation at 13000 rpm for 5 minutes. 
The supernatant was poured off and the DNA pellet washed with wash buffer before being 
centrifuged for another two minutes at 13000 rpm. The supernatant was poured off again and 
the DNA pellet was air-dried. The DNA pellet was resuspended in 50µl Tris EDTA (TE) 




3.4 DNA Quantification – Agarose Gel Electrophoresis 
Agarose gel (1%) was used in all quantification and visualization purposes in this study. 
Approximately 5g of agarose powder were measured and added into 50ml TAE buffer in 
Erlenmeyer flask. The mixture was mixed and heated in microwave for about two minutes to 
melt the agarose. Approximately 1µl or less of ethidium bromide (10µg/ml) was added into 
the melted agarose gel and was swirled to mix. The mixture was poured into tray with comb 
and let to cool at room temperature for about 30 minutes. 
The solidified gel was put into electrophoresis tray with Tris Acetate EDTA (TAE) 
buffer with voltage of 100V or 120V. Approximately 5µl of DNA extract or PCR products 
were mixed with 1µl loading dye using pipette and were loaded into well in the agarose gel. 
Approximately 5µl of DNA ladder marker, either 1kb or 100bp, or both, were load into the 
well. The gel was left to run for about 20-30 minutes before visualized under UV 
transilluminator. 
 
3.5 DNA Quantification – Spectrophotometry 
The concentration of the DNA was determined using spectrophotometer Ultrospec® 1100 Pro 
Amersham Pharmacia Biotech. Approximately 1000µl of distilled water in a plastic cuvette 
was spec for blank control. Approximately1µl of DNA sample was diluted into the 1000µl 
distilled water. All readings of A230, A260 and A280 were taken for DNA concentration 
calculation. 
 
3.6 DNA Purification – Phenol Purification 
Approximately 0.9µl of RNase solution (0.02µg/µl) was added into 45µl DNA sample and 
was mixed. The mixture was incubated for 1 hour at room temperature. About 45.9µl of TE-
saturated phenol was added to the mixture and was mixed gently for 10 minutes. The mixture 
was centrifuged at 12000rpm for 15 minutes. The top aqueous phase was transferred into a 
new 1.5ml eppendorf tube. Approximately 15.3µl of 2.5M ammonium acetate and 91.8µl of 
70% cold ethanol were added mixed gently into the solution. The mixture was centrifuged at 
12000rpm for 10 minutes and the supernatant was poured off and the pellet was air-dried. The 
pellet was added with 1ml of 70% cold ethanol and was stored overnight. The mixture was 
centrifuged at 13000rpm for 10 minutes. The supernatant was poured off and the pellet was 
air-dried. The pellet was dissolved in 50µl of TE buffer. 
3.7 DNA Concentration - Ethanol Precipitation 
About 50µl of DNA was added with distilled water up to 200µl. The solution was then been 
added with 20µl sodium acetate (NaOAc) and 500µl absolute ethanol. The mixture was 
incubated at -20
o
C for one hour. The mixture was then been centrifuged at 13000rpm for 15 
minutes. The supernatant was poured off and the pellet was washed with 80% ethanol before 
being centrifuged at 13000rpm for 5 minutes. The pellet was washed again with 80% ethanol 
and centrifuged at 13000rpm for 5 minutes and was repeated twice. The supernatant was then 
poured off and the DNA pellet was air-dried. The DNA pellet was dissolved in 50µl TE 
buffer. 
 
3.8 PCR Amplification 
PCR amplifications were done using Bio-Rad iCycler Version 4.0. The primers used are rbcL-
1 (5’-TGTCACCAAAAACAGAGACT-3’) and rbcL-2 (5’-TTCCATACTTCACAAGCAGC-
3’). PCR buffer, magnesium chloride and Taq polymerase used were from Vivantis. The PCR 
products were visualized using 1% agarose gel electrophoresis. The PCR composition and 





Table 1: Composition of PCR mixture 
   Ingredients            Volumes, µl 
   10X PCR Buffer (buffer A without magnesium chloride)  2.0 
   2mM dNTPs        2.0 
   50mM Magnesium Chloride      2.0 
   10pmol/µl primer rbcL-1      1.0 
   10pmol/µl primer rbcL-2      1.0 
   DNA Template       4.0 
   Taq Polymerase       0.3 
   Bovine Serum Albumine      1.0 
   Distilled Water       11.7 
   Total         25.0 
 
 
Table 2: PCR reaction profiles 
   Steps    Temperature, oC   Time, minutes 
  Cycle 1 – Step 1   95     3 
  Cycle 2 – Step 1   95     15 
        Step 2   56     0.5 
        Step 3   72     1 
Cycle 2 repeated for 5 cycles 
   Cycle 3 – Step 1   95     0.25 
        Step 2   51     0.5 
        Step 3   72     1 
Cycle 3 repeated for 30 cycles 
   Cycle 4 – Step 1   72     5 
 
 
